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4n explosive substence may be defined as a chemical 
system which may, when subjected to a suitable initial 
impulse, undergo nearly instentaneous chemics] cecompo= 
sition or trensformation, with evolution of heat end 
forantion of éecomposition products, some of which are 
seseous, In an explosive reaction, there is always a 
sudden rise of pressure, due to the formation of cases 
anf to their expansion by the heat libersted in the req 
ection, 

There are included in explosive substances, a wide 
range of mixtures and of homojeneous chemical compounds. 
In general, the explosive reactions to whieh they cive 
rise are obaracterized either by an extremely repid 
combustion, or by a rearrangement of molecules, which 
proceeds prectically instantaneously. 

“In explosives for which the reactions are rapid 
combustion, oxyzen is always present with one or more 
conbustible elonents. The oxygen is supplied in such 
fora as to permit the oxidation or combustion to pre= 
ceed without support fron outside sources, This typo 
reaction is true buming, which proceeds from point to 
point throuchout the explosive, accelerated by the heat 
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ana pressure produced. These explosives are, thorefore, 
mown eas burninc explosives, or low explosives, “f this 
tyre, dbleck powler ané molreless powler of verious clas- 
ses ere typical. | 

tn explosives for whieh the reactions are the re- 
errencement of molecules proceedin: practically instent- 
eneously, oxycén is noarly always present, with combuse 
tible elements such as carbon end hytrozen, beine usuale 
ly held In the system in weak bonding redieals, most 
frequently im the nitro croup. In these explosives, the 
chemical arrangement is one of wmstable equilibriu: and 
the initial impulse brincs about a breaking dow of 
chemicel bonds end a resrranzenent of molecules which 
is so rapid that the evolution of heated caseous pro- 
@utts is practically simultaneous throushout the mass, 
Such explosives are known as DTTOMATING or HICT explo- 
gives, Oxyzen is not on essential pert of all detonating 
explosives, Yor example, the metallic agides, or metale 
lic salts of hydronitric acid, such as lead azide, which 
contain no oxygen, are detoneting acents. Most detonate 
ing explosives, such as are used for the main charce in 
torpedoes, mines end high explosive projectiles, as well 
es in many forms of blasting, require for initiating 
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their action the sudden application of e very stronc 

shock, sueh as is given by the detonation of another 

charge in contect with or in close proximity to them, 

This impulse is usually supplied by a sensitive detona-e 
ting substence, such as fulminate of mercury and its 

mixtures, which can be detonated reedily by the eppli- 
cation of heet. 

The Gevices used to initiate detonation in larcer 
charces are called detonators, in many forma of detonae 
tine charges, there is en intermediete cherte or booster, 
between the detonator ard the main charze, The booster 
eharze contains more explosive than the detonator but 
is small as compared with the main charse. 

The field of explosives has edvanced considerably 
over the years since the work of Nobel. Alone with the 
development of vetter explosives came the necessary work 
and development of detonators and thelr effectivences. 
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Theory of Detonation 
tn the study of the theory of detonation, you are 
faced with the probles of studying ea fteld of science 
of explosives that has not been completely tnvesti:a- 
ted, Wany theortes have been broucht ur alon: with 
the experimental or mathematical evidence to support 
the idea under inveeticetion, 4 few of the more inter 
estine ones, when anelyzed in part end combined with 
others, shed some licht on the phenomenon we imor as 
detonations 
’ Ai 2 f 
In order to analyze the propasstion of on explo 
sive ‘wave, the weve is considered es & recurring cycle 
of released and trensformed enersy with four phases: 
Nechanieal to eslorific, calorific to chemtoal (the 
phase in whieh the potential energy of the explosive 
is released), chenice to calorific, and cal- 
orifie to necbanicals 
Sentee this cyele ¢ ean be readily understood by indi cate 
ing bow the explosive wave is propagated throuch « 
eylinérieal plum of ¢ homogeneous explosive without 
the lose of euqugh energy to interrupt propagations 
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‘Bben an explosive detonstes, a part of the wecheni- 
pl energy of a layer of the explosive isa converted ine 
stently into -heat energy in the adjacent layer by vee= 
gon of the impact of molecules. The effecience of this 
conversion is lowe-certeinly less than 50f%—-as the move- 
ment of the moleeules ig radiel and they are only part- 
ly confined by the layer of explosive in the column, 

The meehaniesl cnerzy that is not ecnverted into heat 
becomes the vebicle throuch which work is sccomplished. 
There ig good reason for believing that the thicimess 
phase of the cycle varies with the physical properties 
of the explosive materiel, principally with its elesti- 
city end pertly with the velocity of the molecules thet 
plosive material and the greater the velocity of the. 
molecules, the thinner the layer, anc hence the ore 
times the cycle will recur in @ unit length of the ex 
plosive material, — “icw so. 

pi mmperren$ calorific Energy to Cheuicel morgy: 
to,overeane, the gheniend, steht sty of the explosive 
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potential onercy of the layer; the rest of the calorific 
enercy is used to accelerate and reinforce the chemical 
action, The layer of explosive by this time is devele 
oping a tremendous kinetic enerty as is shown in phase 
threes 
Transformation of Chemicel Tmercy to Celorifie Tner:y: 
All explosives develop heat on cetonation, This 
phese is different from the others beeause each of those 
represent some irkind of kinetic enersy derived entirely 
from the precedinc phese, and consequently no one of 
phase is capable of transferring, The conversion in 
this phase is complete because all the potential ener= 
ay released becomes kinetic enersy, which is lerzely 
Transformation of Calorific fmerty to Mechanical "nercry: 
A simple statement of this phase fa that the larcer 
volume of ceases then formed from the layer of explosives 
is in an extremely active state of molecular vibration 
end thet these molecules are then manifesting their ener- 
cy a2 mechanical enercy, The efficiency of conversion — 
of caloric energy to mechanical enerry ie hich because 
If heat, such es is produced by the physical resis- 
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tance of the explosive to a blow or impact, be applicd 
indireetly to high explosives, then eny sufficiont 
blow or impact will cause detonation; thet is, it will 
initiate the fourephase enerzy cycle or expjosive mvs, 

This theory was devised about 1°66 and is still 
usec in part to explein many phenomena of detonation. 

In further investigation of the theory of dotonte 
tion, one finds numerous end varied experiments on many 
Gifferent phases of the subject. | 

The crystallocrepher presents his ideas and tries 
to prove whet the crystal structure of explosives bes 
to do with detonstion, 4 view expressed in paper by 
Me Veron in 1956, atated that he hed a new theory. “rom 
his experiments, he found thet detonation appears always 
at the end of deflagration end immediately after the maz 
imam pressure has been attained by the gas. ie stated 
that he thought the detonation was caused by very Ligh 
pressure at the becinning enc rapidly increasing pros- 
gure at the end of the deflagration. _ 

4n experiment by “anon end Soodbead in 1957, show- 
ed that the expansion of the disturbance produced wien 
& cartridge of high explosive, suspended freely, ts <ct- 
onated, occurs in three phases: (1) the initial phase 
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has en almost spherics! form, erising from the sides of 
the cartridge; (2) the second phase lasts until the dis- 
turbance has travelled 100-125 om. ‘The cascous products 
are at first mostly luminous, and follow the shock weve 
at ea gradually inereasing distance, The creater expan- 
gion from the ends of tho certridce causes axicl die- 
tensions of the wave, accentuated by a shower of solid 
particles. The gases then lose their velocity as they 
mix with airs (3) the weve becomes smooth again and 
epherical in form, losing velocity until it derenerates 
inte a sowmd veve, ‘his experiment cives a physical 
Pieture of wnat occurs in e detonation but adds very 
little to the knowled<ce of the theory. 

Efineties of crystal crowth and decomposition was 
cnalyzed by HW. "s Garner in 1955, le showed the nuclear 
grovth in decomposition is considered as a branching 
structural chain reaction, The conelusion reached was 
that the origin of detonation in solids is not o simple 
thermal effect, but depends on the crystal structure, 
This experiment is one more of the many that eupply one 
small pert to the overall picture of cetonetions 

This theory ig one of the more recent ones and 
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seems to cover more of the aspects of the theory of 
éetonation than many. Carl attempts in a straight 
forward way to postulete a complete theory, iefore 
actually reviewing this theory, it is well to briefly 
look at e few interesting facts ebout well know chem 
ical and physical phenomena thet Carl uses for cround 
work to build his theary on, 

Carl takes exception to the statement of Derthe- 
let thats 

"Every explosive reaction should be attrituted to 
@ preliminary hesting, which is qrecuslly trensnitied 
airectly or indirectly, raising successively all the 
porte of the matter to the tempereture of decomposition, 
shoc:, pressure, friction or mechanical effects are aa~ 
ly efficacious by causing this prelimimery beating”. (3) 
.. There ere three points of Berthelot's theory that 
the breaking theory tries to disprove. They are: 

(a) In every case of explosion, there must be a 
preliminary heating, which is the meang of initiating 
and trangmitting the detonetions — 

(0) Te same mectanten 18 involved tm detonstion 
»  (e) The veloeity ic oct thought to be determined 
by the physical nature of the materiel, — 
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There are outstanding differences betweon casos, 
liquids and solids; the creat compressibility of cases 
ag compared to the siicht compressibility of liquids 
and eclids, Another difference is the fact that solids 
have rigi@ity of shape and even Iiquids have an instant- 
aneous rigidity of shape. 

Dxmmples of effect of physical condition ere show 
by Coates and Perrot (5) in tests of celatin dynanites, 
containing nitroeclyeerine and ethylene clyeol dint- 
of storage, toth in the confined end the unconfined 
gondition, with end without priming charges of stretsht 
dynamite, yet In almost every case, the rate of detona- 
tion, after storaze, was definitely much less than that 
of the original samples. tere is an example of chemi- 
cally identical meterial showing different rates of 
setonation because of physical chance. 

‘Many still consider the rate of detonation equtva- 
lent to the rate of reaction, Mayes (6) says: 

"The ‘rapidity of reaction of an explosive may be 
determined directly, by experiuent, in hich explosives, 
This 1s termed the rate of detonation of the explosive, 
end ts a measure of tts brisence’, 

Prem Nerthelot's conclusion thet other thincs beine 
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equal, the sensitiveness of explosive substances is the 
creater the more beet ceveloped by the explosive rene- 
tion, seems to be untrac, Most of the very sensitive 
compounds ere lov in totel enersy, Tt secms thet no 
aed charestertetice of eny explosive can be correlated. 
Lo crorerty connotes eny other property, Carl brince 
out thet e hich rate of Cotonation does not guarentee 
@ high tetel power or shattering effects. nor greet gen- 
ettivitys also low ignition teuperature does not incite 
cate ‘bigh “sensitivity te other neons of Initiation, — 

~ Ih 4s Carl's belief that there te « complete act 
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of the erystel and the neture of rupture, Joffe (7) 
says! 

"The tensil strencth of sincle crystals fs almost 
S% times less than the caleulated mexiomm for the co< 
hesive forces and rupture ccours before an eerential 
Geviation from Book's law can te noticed". 

Joffe finds thet rock salt crystals become plastic 
when immersed in hot water and exhibit strength up to 
1689 ke per Sqe mm. As Compared to a strencth of .5 kc. 
for the ordinary condition, Te sucrests as e possible 
hypothesis the existence of very smmll crevices in the 
surface which would couse the entire load to be exerted 
on a point Instead of on the whole cross-section. 

‘Bridgman (9) states that the: 

"Practure occurs in o body when the external condi- 
tions are altered tf all the atoms cannot find new posl- 
tions, not far fro= the oricinal positions, in whitch 
they will still be subject to zero net force on the &- 
Prom severel other experiments conducted, such as a hard 
rubber ring broken by tydrostatfe pressure, showing thet 
the break was acainst the direction of the stress, the 
Qistertions in moletular arrangements which are offective, 
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enc the fect that every distance between molecules has 
Deen shortened ebsolutely at the moment of rupture, 
These facts Go not seem consistent with theory, “reake 
ing seems to be not as simple a subject as et first it 
would appears | 

| in some crystals there is an internal force inher- 
@nt im the structure of the erystal, which tends to dis- 
place the valence forces from their normal direction. 
This condition exists in endotherzic or unsaturated com 
pounds. Unseturetion indicates ea looseness of structure 
end lack of stebilitye ‘he properties of many unsature~ 
ted organic substences follow the ‘strain theory’ of 
Bolger, This theory stetes thet ea bond tends to lie in 
@ straight line joining eatas to atom, and the cirec= 
tions of the four bonds emanating from e sinzle carben 
aton are those deterz’ned by tetrahedral symmetry. 
Whenever these bonds are foreed out of these positions, 
there is supposed to be a state of stmin which mnie 
festa itself throuch instability ond general character 
istics of wmsaturetio. | | 

leased by the endothermic compounds when they break 
Durme As an example, when a compound like ethene murns 
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to carbondioxide end water, the calories develoced is 
less than the musber developed by the combustion of the 
elements that make up the methane molecule, ‘hen acety- 
lene burns, the heat produced far exeeeds that produc- 
ea by combustion of an equivalent quantity of the con- 
etituent olements. ‘The difference is found to be, in 
the first case, in the enerzty required to break the 
‘valence bonds; and in the second case, the enerry civen 
off when interns) strain is released. from Henrich (°) 
"in interpreting these facts, it is necessary te 
aaoue not that enerry is required to brenk the double 
bond between the carbon atous, but that enercy is ace 
tually set free during this process. ‘This difference 
has been explained by supposing that a certain decree 
of tension is developed within the molecule by the union 
of the second pair of velenscies of carbon to form a 
@Gouble bond, and thet such an atomic arrancement must, 
therefore, be regarded as representing a definite smnount 
of stored up chemical enerzys. if the equilibrium in e 
system of thie kind is disturbed in any way, the onercy 
ie set free, Thas, in the process of burning, it appears 
as beat and serves to increase the total heat of coubus- 
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Some systems, when slichtly disturbed, may revert 
back to the same state of reat, while others, if larcee 
ly disturbed, may proceed toward some entirely new cone 
aition of equilibrium, ‘“nercy required to release a 
crystal from its original ‘orm may vary with different 
compommds, from e rather larse magnitude to sero as & 
Limit, ond so with the endothermic compound, tts ste- 
bility may approach sero as a limit, A good example 
of this is nitrogen iodide, which is stable when kept 
wuder water, but explodes spontaneously when dry, ‘This 
endothermic condition is found in most initiators of 
cetonation, and is rrebably a rost important prime con- 
aition for such agents, A sudden disturbance of a crys- 
tal or part of a crystal, sueh as breakinc, my allow 
the strain to disappear with the velocity of sound, and 
thereby transmit the cisturbence to surromding crys= 
talee | | 
_ -) With the knowledze of the material just presented, 
the Theory of Detonation proposed by leroy Carl may be 
examined with some understanding. 

This theory states thet detonation is the pro reas- 
ive bresiring of the valence bon‘s of e material, by a 
stress which is transmitted through the materie! es en 
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@lestic wave, similar to & sound wave. This sound wave 
is of such intensity as te destroy the strocture of the 
matertel, There ie# some distinetion between this type 
of wave and an ordinary somd wave, the particles tnve 
@ to and fro movement, wheress, in this tyre of wnve 
in detonation, there is no return motion of the parti-~ 
Cles corried forward by the wave, beemuse of the col~ 
lapse of the material, by the extremely hich pressure 
produced behind the crest of the wave, end by the re~ — 
combination of the elements which had constituted the 
The ability of a materiel to tranemit thie stress 
will depend upon the elastic nature of the mebertal, 
‘he optimum condition for the transmission of the breake 
inc weve fs a materiel which is perfectly elastic, end 
which requires only a slicht distortion to cause © brenk- 
dom, ‘Thus, it is seen ® rerfect crystal supplies the 
are soft, plastic or fluid, tend te demp out elastic 
waves and have a simflnr tendency with cetonetion. 
‘the enerszy associated with this bresicins weie ts 
the wave as a contimuons compression insteré of com 
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pusesian end @ parifaction of the emiinary sou wave. 

The source of such energy may be the release of 
strains already existent in the materials; nevertheless, 
some aesistance ‘row an outside force is usually require 
ed, Yost initiating or primary detoneting compounds be~ 
long to this class. They are rere msterials which are 
absolutely necessary for the utilization of the cor on 
high explosives. The initiating impulse for this type 
of compound, may be a rise of temperature, impact, frice 
tion, the breaicing of @ crystal, or even allowing the 
surface to become dry. 

The stress which is transmitted and which causes 
the disruption of the material, is not the explosion 
nor the direct cause of the explosion, but merely the 
diaturbansce which releases the union between the atous 
of the explosive compownd, thus allowing them to re-com 
bine, in a more stable form, with the regultent release 
of epergye ‘This em be looked at as the distinction bee 
dothermic compounds possess @ large part of their energy 
in their structure and, therefore, release this enercy, 
@ue to structure, instantaneously upon destruction of the 
form. ‘his cherscteristic maxes them effective as inie 
_tiators of detonation. On the other hand, the exotherulc 
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compounds require expenditure of enercy for the destruc- 
tion of their form end derive a larger proportion of 
their enercsy from the recombination of their elements in 
the more stable condition, 

The speed of the <cetonation wave is controlled by 
the physical condition of the medium, in the seme woy 
as the rate of coumd is determined by the physical con-= 
stents. The violence of the reaction followins the wave 
is cepencent almost entirely uron the shemfen? nature 
of the material left ty the wave, or more exactly, the 
products of detonsetion. 

The distortion which brines about the brealin:, 
carries a portion of the material forward and because of 
the intense pressure generated behind the wave, the backe 
werd movenent of the =edium is prevented. ‘This phenomenon 
tends to increase the speed of the wave front. This ef- 
fect oxpleins the fact that the rate of detonation ine 
creases more rapidly with the increase of dene!ty, in on 
ingonsitive than in &@ sensitive explosive. The insensitive 
material must be distorted and moved forwerd to « creater 
extent, than the sensitive material, before breakin occurs. 
ee ee ee ee 
tion at higher censitics: 

(a) The increased rate of sound at hicher densities, 
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(b>) The effect of the distortion of the material, 
The forward movenent of the materiel, due to the dictor= 
tion of the detonation, differs from that produced by 
sound, by being @ unidirectionn? movement. The molecules 
have collapsed and the enercy for the continustion of the 
wave is furnished by the cases and heat libereted by the 
breatedown or by the re-combination of the elements efter 
the break-down. 

Prom these facts, Carl presents the followin: for 
mula for the streight line representing the rate of deton- 
ations ' 

— yuo tet) x 
@ = representing the constent by which the rate of sound 
inereases with Increased density; 

e' = representins the constant by which the eollepso of 
the molecule increases the rate throuch the explosive. 
Pxperimentel evaluation of b bas been found for ver!ous 
explosive detonctin: comrounds and the results seer to 
follow the straizht line predicted, farl (4) says: 

"Ty the acceptance of this brealring theory, the 
most outstanding quelity of explosives is sensitivity. 
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ie vory definitely affected by the following factors: 

(a) Perfect crystals and other perfectly elastic 
materials are the most susceptible or sensitive to 
detonation and propegate the wave with the closest ade 
herence to the straight line curve. . 

(b) Materials which form long end complex mole= 
Gules resist the initiation and propazetion of detons- 
tion. — 
(c) Small amounts of impurities have a great ef- 
feot on seneitivity, 

(4) The condition of the surface of materials ony 
decidedly influence their sensitivity to detonation. 

(e) Taquids seem to resiet detonation, due mainly 
to their lack of rigidity, 

(f) Compounds may be classified as exothermic and 
endothermic and the sensitivity of the two are recical- 
ly different. Soth types of compounds show surface 
instability. ‘The endothermmlc materials are the only. 
types that possess the internal strain". 

lm conclusion, this theory states that the power of the 
shattering effect of explosives does not depend upon the 
rate of detonation. ‘or does the total heat of explo- 
sion show the nature of the explosive. ‘ne must cxamine 
the heat of explosion from its basic causes some cones 
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from heat of formation, the rest from the re-combination 
of the products of detonation, 

Many people may not agree with severe] of the points 
brought out in this theory by Carl. Oe thine seems to 
be true though, and thet is this theory does collect in 
one plece, many of the rroblems end aspects of the theory 
of detonation, One fect to be gained frou this theory 
ig thet @ person widertelin Sundemontel researeh tn this 
field, bas sone definite points to begin with. One cen 
then either rule out parts of this theory es incompeti- 
ble with experinentel data, or cocept thes 
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Strength of ~etonetors 

The detonators cenerelly mamfactured today are 
degicnated es Mos. 6G and %, Other credes are mite only 
rerely and ustally for spoctal purposes, The ficure 
doct qnating the size of the detonator, refers to tte 
strencth as compared with that of stendart cotonstors 
that contain mercury Srletmate, The following tebule- 
tion shows the charces correspondinz to the vertous 
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fulketnate < potebetwm chlorate, or (sc) 1°° per cont 
mercury fulminate, The sixtures represented by (a) an 
(d} have beén Gomson, whoreas (¢) has been rare, 

Tt ts customers to define the initiatine power 
(strength) of a detonator In terms of the test uscd. 
Thus, the strength of « No, 6 detonator may be defined 
as one’thet is not inferior in initiating power to a 
éetonator conteinint 1 crem of a mixture of 0° per cent 

Pour ecamon teste are employed for Ceterainin: this 
«lL, OH? = tron oxide: Insensitive powler test. 

Althouch time«oonsuminc, this test if belleved by 
seme to be relicble, Tt is weed tn certain Sovernsent 
“By Sand test 

Tis Sest 18 nave, xopi6.and. givee,good reprocuct= 
bility (11). 

Se Leadeplate test . 

“Tee Yost ie the nost repi¢ and ts, therefore, vs0d 
Lly for control works However, the results are 
hart to correlate as hs evidenced by the airtieulty that 
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lead plates (21). The resulte mey even be misleading cs 
& moausure of strensth, because the size of the hole proe 
Gucec is profoundly influenced by factors such as the 
shape and dismeter of the bottom of the detonator and 
the nature of confinement of the explosive charse with- 
in the detonator. 

 — Smell Treugl lead=-bleck test 

This test 1s not widely used, although tt gives a 
feir measure of the relative strength of ea detonetor. 

Recause it is a serious defect for a cetonator to 
have elichtly creater strencth, most detonators ere 
wade stroncer than their (designated grace, ‘or erample, 
many Ho, 6 detonators show a strength as cetermined by 
one of the above tests, qual to & No. 7 or even a No. 


Tin in Sxzice Ingonsitive est 
The procedure for this test is as follows: 
Tafferent blends of {l-Lron oxide, each varying by one 
per cent of iron oxide, are carefully prepared by woigh- 
ine the constituents, mixing, end repeatedly sereeuinge 
The mixed power is temped uniformly into 1-1/2 - 4 inch 
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cartridces, each weichinc 70 crema. ‘These cartrid-es 
are then fired by the detonator under test, which is Ine 
sorted in the usual memer in the end of the cartridce 
suspended vertically in oir. The blends of TPf-iron 
oxide that produce 2° consecutive detonations and 2° 
consecutive failures, are determined, ‘In addition, 2° 
trials are made for each intermediate »lend, ‘The iron 
oxide content of the corresponding blends is taken as e 
measure of the strength of the detonator. “enerally, 
the seme procedure is carried cut with a standard detone- 
tor for comparison purposes. Inasmuch as it is cleatred 
that weather conditions affect the results, it ‘¢ best 
to make all the trials on the seme day, 

_ Tue lesdeplate test, nail test, end others, al? 
detonetors placed in certain definite positions relative 
to the material to be acted ong in the leadedioc': tost, 
the detonator is closely surrounded by the leac, upon 
Whieh it acts, but the results of comparisons obtained 
With this teat fail to shoe that the test is reliable 
one for detersining the veletive efficiencies o° dotonem 
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In 1910, Fe G% “Snelling, then an explosives chonme 
ist of the Bureau of lines, devised e direct mothod for 
testing the strength of detonators. This strength ce- 
pends om the extont to whieh a hard, brittle miterial 
of uniform gremulation, was pulverized by the explosion 
of the detonator cherse. ‘the detonator was pleced in a 
suitable bom, which was then partly filled with a given 
weighed quantity of ordinary, clean, dry sent of wmiform 
eremalation (20 to 40 mesh). ‘The detonator was then 
fired end the degree of the resulting disintegration or 
 pulverization of the sand was determined by removing 
the sand from the bomb and sifting it through « series 
of stendard sieves, ‘the total quantity of sand passinz 
through the ¢Gemesh sieve veried with cetonators of dif- 
ferent commercial greces, but wes remarkably unifom 
for detonators of the same cradé. 3 

Results froa this test indicated that the method 
offered a convenient and accurete means of determining 
the relative strength of detonators, in spite of the fact 
thet as it measured only the physical effects produced 
by the detomator, it appearec to be subject to most of 
Fee ne a Cos WES EDC ORNP ID UN 
of the cirect methods of testing. 

‘The method of procedure is the same for testing 
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either electric detonators or ordinary detonators. The 
detonator ig fired in arproxiuately the center of « mss 
of 10° crams of the stander¢ sand, After the explosion, 
the cover of the bomb ig removed and the sand is emptied 
on to a large sheet of clezed paper, The electric deton- 
ator legs or the charred fuse, together with any large 
fracnents of the copper shell, are rejected sfter any 
adhering sand has been removed from them, and the entire 
eharce of sand fs carefully sifted through e nest of 
sieves, ‘The gahd should not be rubbed with the hand, 
as such treatment would force through the sieve partie 
@les that would ctherwice remain on the sieve, After 
the sereening is complete, the separate fractions of 
the sand remaining in each sieve and in the bottom tray, 
are cmptied onto small chects of clazed paper, trensfere — 
red separately to a weighing scocp, and weighed. | 
Many serfes of tests bave been carried out on come 
mercial detonators end it stems to be the best test for 
accurately measuring the detonsting efficiency of a 
detonator, Mven thouch you cannot apply directly any 
of the theories of detonation to this specific test and 
thus explain why it gives the results it does, one sees 
here why there have beeh so many varied teste used for 
Getonaters. ‘This test today still ts one of the most 
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reliable to give the angwer to how efficient your Ceton- 
ator is in doing the job it has been designed for end 
that 1s complete cetonstion of the high explosive. 


Tees Minte Test (25) 

One of the early tests for eveluating efficiency 
of a detonator wes the lesd plate test and consists of 
firing a detonator while supported in a vertical posgie 
tion, its base resting on the conter of a lead plate 
about 1-1/2 in. square by 3/16 in. thick. The appear 
ence of the lead plate after the detonator is fired, 
furnishes a pictorial representation ‘of the explosive 
action of the detonator charze. In the center of the 
plate, at the point of contact with the base of the 
cetouator, there occurs © depression which: is dependent 
for depth both upon the size and quality of the detona- 
tore ‘Radiating fron this central cepression or perfore- 
tion, as the case nay be, are numerous striations of 
fine Gotted lines. These striations constitute the real 
index to the quility of the detonator and the explosive 
effect of ita composition. Tach dotted line is the ree 
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cury charce burste the shell well into innumerable cone 
eentrie rince, each of which in turn, shattered into 
mummerons euall frageents. fs the quality of « fclminate 
of mereury Getonator is lowered, the size of the siell 
fraguionts becomes larcser, cus to a less brusque action 
of the explosive charge, end the reciel striations on 
the lead plate tend to be rerleced by larce pittincs or 
splotches at frreculer intervals on the face of the 
leac plate, these pittings teing caused by the larzse 
fragments from the detonetor case, If the detonator i# 
of & very low quality, due te prolonged exposure to 
moisture, @ defective grade of fulminate, « faulty niz- 
ture, or any other cause, Bo that it may be prectically 
worthless for detonating powders, !t will not shatter 
the shell into numerous small fragments, but will more- 
ly rupture the casing into @ sxell number of broad strips. 
‘Sith this detonetor, there are only e few broad, ribbon- 
like impregsions redietins from en elmost impercertible 
vor tamanghenesendannanteegdeatpmncinmaaen 
tha 

Por eusianneniy the various graduations 0” quality 
At tenctarennenerancelion according te six difforent 
etendards, which aré@ in turn desiqeted by the “irst six 
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letters of the elphabet. A being taken as 100% and © 


es Of quality. 
Table I shows a tabulated desetription of lead plates. 


"Se shell 
4 set of standard lead plates ere used, which represents 
the best judgment eveileble from several years of both 
intensive experience with fulminate detosstors and also 
extensive experimental work with other initicting com 
pounds.s Equipped with a set of there standarde and e 
tabulated set of the above descriptions, one should »e 
@ble to determine the quality of the detonators he is 
usinge 
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If we look at tho detonation of @ bich explosive 
es being brought about by the sudden impulse of the 
detonator, we see that two cletinet fnetore enter into 
the development and epplication of this impulse. hese 
are quickness of briseance, and strength. in a volle 
designed detonator, it is impossible to isolate these 
two factors. — . 

Velocity of the chemical renotions involved is a 
function of the quicimese, while the totel volume of - 
the saseous combustion products {s oe funetion of the 
@trengths. “Yeny compounds micht be cited, which excel 
fulminate of mereury in strength but which ere useless 
for detonating purposes; slso many compounds sight be 
mentioned which excel in quickness but which ere vastly 
inferior to fulminate fn initiating value. 

_ The lead plate test ic essentially a measure of 
@uiekhess. “Some of the interesting factore thet effect 
the efficieney of a cotonstor, os shown by the leed 
Plate teats, ere size of cherse, moisture, votessium 
chlorate content, indentation of shells, and heréness 
of cotonstor shells, 
Lich Slemeah of exicimers in. faluinese of meroury. 
Sehopstore. nes, nob wary. grestly with tbe sise of the 
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charges ‘Therefore, the load plate test does not init- 
este verieation in weirit of chartes,. 

Loisture is universally admitted te te the createst 
eneuy of efficient detonators, An aloost tnrercortible 
moisture content ie sufficient to irpatr seriously, the 
ability to detonate commercial erplosives. 

The she@lle of most commercial detonetors beer a 
Cone-like indentation which tends to improve the quality 
of the lead plate test (5) both by rendering the radie= 
tions finer and more wiforn and by causing ceeper ine 
One of the few objections advenced areainst the lead 
plate is sreatly affected by the bardness or softness of 
the detonator shell, Thic was proved false by « sertes 
of teste using different hardness of the detonetor shell 
itself, Simeteys anc eutdc ingen, 
~ “the"treuzl test nessures the coaparative disruptive 
power of explosives when fired under nocerate confines 
= Res Se RNS ‘equal weights of different 
Sepisth SiS ate re confined in bore holes of definite dimen 
sions, ‘made in lesd=blocks of 1 of preseribed cherecter, by 
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means of @ fixed quantity of stemming and when thus con- 
finec, are exploded by asens of similar detonators. 
In this test, every factor is alike, except the charac- 
measure of the test is the volume by which the cavity 
in the bloc: is inereesed beceuse of the pressure oxert- 
ed by the explosion umder the degree of confinewent to 
which the explosive is subjected by the quentity of sten- 
ming used, and the fimmess with which this etemaing is 
“title In height are usede 4 bore bole 25 mm,» in dlemter — 
anc 125 ume in depth is mace centrally in the upper part 
of eneh block. — ovetatas os 

ste alee lhe le Sol cabin indeaiatade 
tthe atten thenbn on. cntsieemtetaiinn aabao 
in euble centimeters and euble inches, — | 
a! iii hieiestes ben bait hilt bentanetaaien 
anc @ lo, 7 electric cetonator is placed in the center — 
of this charges About 40 cece of cry sand are poured into 
tempea with @ temping devices The charge is fired and 
the cavity in the bleck ia then measured with weter and 
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the increase in volume is escertained with precisicons 
The volume effect of just the detonstor alone is deter= 
. mineé on cand slone an’ its effect rey be subtracted 
from the detonator being tested, thus civing the truco 
value of the explosive thet is cherged in the ‘rauzle 
lead block. 

While these four tests that have been described 
@re still usecé to measure the strength of detonator, 
explosive-testing engineers save long sought a satis- 
efficiency or strensth of detonators. This was brought 
sbouts by numerous develojments and improvements in deton- 
ators during the pest Jecade. | 
«est of the tests teretofore proposed for measure 
ing the strength of detonators beve had some servious 
Geficiency, Generally, their value in measuring either 
ebdsolute or relative initiating effieleney has been doubt- 
ful, while those few tests that were believed actually 
to evaluate relative initieting efficiency were <i ficult 
ee Sadincee tna fast shah wany aenhecianne, WD). aben- 
ficiency of the detomator used, for exanjle, slioul. a 
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detonator be too low in strength for the explosive used, 
the explosive will have en Incomplete detonation end the 
resultine force of the explosion will be much lower then 
that weicht of explosive showld cive, Therefore, ft is 
of prime importance thet ¢ detonator posses? at lesst 
the minimum initietin: efficiency required for a com 
plete cetonation. It to much better to use an overstsed 
detonator end insure enowth strencth for the hichest om 
_ostegpmagpurbernapares 

‘Toward thie end of setting e satisfactory initietin- 
efficiency test for detonetore, the minsture-certrii-e 
test was devised, ‘This test is beeed om the fundemental 
omd renerally aecepted concept thet the ability of a 
detonator to initiate mm insensitive explosive constl=— 
ciency. fo represent a wide rance of insensitive ex 
plosives, verfous mixtures of TH? from oxide were selece 
ted for the inftin? study, The extent of detonet! on 
produced fm the insensitive explosive ig mensured sy the 
woicht of sand erushed in a Surenu of IMnos send Sob. 
The minfature certrid<e consists, essentially of © S= 
gram charze of a carefully controlled M=tron oxtie mix 
StS) 4n © small paper cup having an inside diameter of 
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 oneehalf inthe ‘the experimental technique thus casbines 
the advantageous features of the sand test and the Nl- 
ipon oxide insensitive power test. A unique operation 
eubodied. in the miniature cartridge test is the sub- 
traction of a detouster “Dlank". This achieves a moa- 
Surewnt of the actual resultant effect of the dotona- 
ter im procueing a greater or lesser degree of dotona-e 
‘ico in en insensitive explosive, 

The important considerations, not heretofore suf- 
ficieutly emphasized in detonator tests, wore experie 
montelly confizmed snd incorporated in this test, — 
5. The first of these ts the fact thet the packins 
@ensity of en insensitive explosive, as exemplified by 
& Ti-iren oxide mixture, must be carefully controlled. 
‘Within certain limits, as the pecking density of a Ul- 
ivon oxide mixture increases, its explosive power, as 
meesured by its senc crushing capacity, decrecees mpid- 
Aye ‘acking density wee kept within .941,02 gran por 
Be second one was that insensitive explosives 
Gre capable of all degrees of partial detonation, de= 
pending on the initiating efficiency of the detonator 
weed seed eine a “~bonter ge 
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The technique of the sinplified routine test con- 
sists, briefly, of loading a Segrem charge of a homo 
geneous THT=iron oxide mixture into a carefully made 
paper eartridse 1/2 inch inside Ciemeter end 2-3/4 inches 
lonze The pecking density is constent, and the detone- 
tor ie ineerted to such © depth as to produce maxim 
initiation, The miniatore cartridce thus essenbled, is 
fixed in the center of 1,000 crane of the standard send 
in a steel tonb 5 inches inside disneter, The crushed 
send, whieh passes throuh 8 Noe SO UsS, standard cortos 
screen, representa the send pulverized by the THT-iron 
oxide and the detonators Proa this value fs subtracted 
the dsvensbe biesh, whieh is obtained by similarly fir 
ing o utntebure cartridce eontatnins § crams of pure 
tron oxide and the detonetor. The value of crushed sand 
tine derived, represents tre initiating efficiency of 
“the cetonator. ‘This tnttteting efftetency ts thon con 
. relatively with thet of e auitatte reference detone- 
tor. 0y y the unique operation of subtraction of tho cetone 
te Dlenk, the minfeture-certridze test incorrorates the 
prinetple that the desired neesurenent 1s not the Pores 
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_ Sine the tine of uobel, fume Getonators have had 
en important place in the field of exr2osives. They 

ere commonly mace in the fora of copper, copper alloy, 

or sonetines elusimam tubes about 1/4 inch in dleneter 
"and approximately 1-1/2 to 2 incbes in length, vith one 
end closed (15). Tbe closed end contains the pressed 
charge of initiating explosive, whereas the open portion 
ta intended to receive the end of « length of safety tubes. 
a: The motel casing of the detonator is eomonly celled 
Ey plana ag i 
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to the desized thisinese end length in a battery of shel} 
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drawing uechiness (14) _ n46¢ into the shel 28e: 
use Getonators reinforcing cap- 
pee ccure. reGicn 
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vechentoel strensth of the detonator, thereby ceoreusin: 
the sensitivity to shock and impacts they also inoresse 
and aid in focusing the cotons= 


ton wave, doth | Of wiitob increase the initieting power 


of the detonator. These confining capsules have a cup 
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like eppesrence, with a hole in the center of the bot- 
tom, through whieh the spit of the safety fuse or the 
flash from the icnition cherce ray ve communicated to 
the remainder of the cherte. 

- Por many years the initiatinc erplesives in fuse 
Getonators, comprisec a sincle charge of mercury fule 
minate or one of the fulninate-chlorate mixtures, The 
majority of modern detonators contain ecmpound chorves 
minate, with the followin: edvantacest the detonstors 
; Gre more economical, just os efficient, raplinverrpciome-08 
ote to manufacture and use, 

7 oy a9 HalbGalS'G6S UEP enddndN°BE Was “edPLSGLNG Wilde 
€3, ond hence to improve the explosive power, bese end 
priming eharces usually ere loaded into the shelle under 
pressure. This te a hazardous operetion and te perfor 
ed by remote contro! In hyreulie présses pleced behind 
heEie Wah, "Ws" buaaaA aihaibLaE” Vi ohdde, 

Pressures of 35 to 26° pounds per detonator (corroepont= 
wo dhechn-corengpraninfhatphedacettlirere:dinandbrenbvas 
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in modern compound detenetors ean withstend crecter 
proesures; mereury fuleinete has been reported to Cob- 
enete ab en averere prossure of 264 poumds per detone- 
tor, whereas hexenitromannite ¢14 not detonete et e 
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— Hlectric Letopators 
dgniting the explosive chargee The latter fumetion is 
‘performed by a short length of fine electric Zilauent 
Wire embedded in @ portion of the explosive charje with- 
ly called the bridge wire, ie brought to incanuesscence 
_ following sequence of events occur: The portion of the 
is ugually the ignition charge, Murs or flesies, <li 
generation of beat develops detonation of the priming 
ebaxge, which in turn iuparts detonetion to the base 
charyee “he consequent bursting of the detonetor spell, 
providing a combination of thermal and mechanical ine 
pulses, bring about the detonation of the main clarge 
of explosive, 
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Phe bicgh resistance, suall-diameter bridce wire 
is probably the wzost important ites of construction in 
en electric detonator, ‘the properties desired in an 
ideal resistances wire have been difficult te attain: 

Tt must be corrosion-resisting, have relatively hich 
tensil etrenzth, bave e small resistence change as the 
temperature is increased, must be constant in slectricsal 
properties, and should have low comparative coste A 
Constant search has been made in recent years to find 
vetter alloys for use os >ridce wires, 

These alloys have cenerelly conteined platinus 
agp the basic metal, me of the most widely used hos 
been made of 60% pletimm and 20% iridium, It approach- 
ea the above required physical properties, tut is rather 
costly. Another platimun elley that has been used re- 
cently and that has higher tensile strength, in addition 
to being cheaper per unit length, is composed of 90% Pt., 
16% Rhodium and 8% Ruthenium, A less widely used and 
lesa expensive ellcy is nichrome, of which the nominal 
analysis is 60% i, 15°) Chromium and 25% iron. 

. A typical resistence wire used for bridce wires 
may bave a dismeter of ©..01€ inch and a length of ©,12 
inch. Depending on the material from which it is mace, 
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it may have a resiatance of 200 to 400 olme per foot 
enc @ tensile etrength cf 19°,000 to $00,009 pounds 
per squere ineh. A stenderd roll of such wire, ~elgh= 
ime 1 pound, will contein 100,000 to 200,000 feet. 

In the electric detonators the four modes of male 
ins contact between the bridge wire end the icnition 
Le The bridge wire may simply be embedded in the 
loose ignition charse. ‘this is often referred to as 
the bridge plug type. 

2— whe bridge vire may be dipped into a viscous 
suspension of the ignition charce in a selvent and then 
Gried to form ean edhering pellet, commonly celled a 
beac, A coating of nitrocellulose often ie applied to 
the outside of the bead to provide e protective skin. 
+ Be the matchbead type of ignition is constructed 
es follows: ‘wo strips of metal foil, soldered to the 
end of the leg wires, are separated by a flat strip of 
insulating mmterial, such as paper, enc connected scross 
their ends by a short length of bridge wire soldered to 
each, By Cipping the bridge wire portion of this essen- 
bly inte a suspension of the ignition charce in a vole= 
tile liquid, followed by drying to remove the liquid, 
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the bridge wire becomes surrounded with e ricid -lobule 
of the ignition charze. 

4e The cavity type of ignition comprises a sau- 
cerelike, cylindrical, or prismatic cavity in one end 
of the bridze pluz. The vridcewire lies within the 
cavity end is soldered across the ends of the les wires, 
which do not project out of the cavity. the ignition 
composition, in wet plastic form, is then insérted into 
the cavity, the surface smoothed, and the composition 
avleds | 

Compound electric detonators are analocous to come 
pound fuse detonatorss e single charge has been replace 
ed by @ compound charge of two or three individunl ez 
Plosive materials, One material frequently say function 
or serve ag voth ignition charge and priming charrce; 
less frequently, one material may fimetion or serve as 
@ll three charces--ignition, priming, and bese. {0 ©x- 
exple of a compound electric detonator with two cherzes 
is thet described by Burrows (15), consisting of a base 
charge of a nixture of 90% mercury fuleinate and 20; 
potassium chlorate and an ignition composition of basic 
leac styphnate. 
_ Bleetrice detonators are well sealed to maice then 
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impervious to mofeture end to held and ruard the fro- 
cile bradze wire. They heve ccod watereresistin: char 
acteristics and accordingly, ere used in wet blestine 
operations where conditions are not too severe. fiowever, 
for undervater blostin«c, were the water pressure may > 
hich or the time of immersion mey be long, special sub- 
_ marine or waterproof electric detonators are used, “he 
Gistinvuishing feature of submarine electric detonators 
is the loncer shell, with en extra quantity of water- 
proofing material employed. 

The usual type of seal used is & composite one. 
The bridge plug is mode to fit rether tightly and Firat 
inserted into the loaded shell, followed by pourihe a 
viscous charce of espheltic material eround tt to hand~ 
Gn. Such @ seal compels the use of ‘relatively lon 
shelis ond has the additional disadventexe that it ts 
not completely satisfactory when exposed to extreme 
benperetiress | At hicher temperatures, the csphelt nay 
melt, mix with the tenition or priming eharte, and do- 
sensitize it, thus ceusin: the detonstor to fell to 
Hunetion. At low temperatures the asphalt may contract 
Ged cred, thus providing an entvy for moisture when 
the Getonator ts exposed at normel texperatures, In 
thts type of teal the asphaltic meteriel 1s primarily 
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intenged es the waterproofin; substance. 

Recently @ novel sinzle seal has come ovt, consist- 
ine of a doubly orimped synthetic rubber pluz. This 
seal has permitted « such shorter shell to be useds also 
Single incombustible senlse of cless or of a suitable 
- metel, such as copper, brass, or sluminun, have deen- 
proposea@, A thermoplastic resin seal, consistin= of 
one of the synthetic organic polymers, such es methyl 
mothacrylate, ethyl cellulose, cellulose acetate, ox 
the vinyl halide polymers, also have been developed. 

_. Just es an electric cetonator may be vizuslised es 
& fuse detonstor, with a oridse wire assembly anc seal, 
@ delay clectric detonator say be imagined as en elece 
brie, cotonstor with a celay element, or powder train 
inserted between the bridge wire assenbly end the ex- 
Plosive charge. Delay detonators fire at definite 

short intervals efter the electric circuit is closed; 
gecqrding to the delay of the detopator. fy using delay 
electric cetonators, it is possible, with one applica- 


tion of current, to fire @ series of shots in rotation 
or succession, at short ond reasonably reproducible 
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intervals of time. 

Delay electric detonstors have been improved ree 
markxably during the last 10 years; modern deley detona~ 
ters are less bulky, heve more reliable firing cherac- 
teristics, may be used under water anc are more casily 
menufactured. | 

There are two principle types of delay electric 
detonators, those hevin: < vent ‘or the escape of cases, 
and these that are ventless. ‘uscessful detonators of 
the latter type are a recent development. Passaze of 
en electric current through the bridge wire brings it 
to incandescence and flashes the ignition meterial. 
The flame thua proéuced sets fire to the delay power, 
whieh 4g pressed into a metal tube. ‘The longer the 
Gelay powder trein, the longer will be the celay time 
of the detonator. When the deley powder has burned 
to the opposite end of the tube, it ignites the prin- 
> The time required for the delay powder to burn is 
bighly importent, for if the delay powder burns sore 
repidly in one detonator than in other cetonators of the 
same delay period, the first detonetor will fire prome- 
turelys. 60900 05 fhe 
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Delay electric detonators with e vent heave a cclay 
composition that produces <sses upon burning. If these 
gases were not allowed to escape, they would cause the 
pressure to build up, which would accelerate the rate of 
burning of the delay powder end cause premature firinc 
of the detonator. Vented celey detonators have severel 
Gisadventaces, They are net penerally setisfactory for 
use under extreme heeds of weter because the vont pro- 
vides @ possible point of entry for water, fcetdental 
plugging of the vent when the detonator is fired, may 
cause e premture explosion, ‘urthermore, eseape of 
bot gases may cause tie charce to burn end this rey 
develop inte an attendant premature detonation. 

Because of the cisacvantages of the vented type 
develop @ satisfactory ventless delay detonator, The 
problen hae narrowed to finding a delay composition 
whieh, when it bummed, would do so at a wiform rate and 
woulc produce an exothersic chemionl reaction without 
the evolution of cases. { composition of 85% beriu 
peroxide end 15% selenium was found and subsequeatly 
usec in @ comercial delsey electric detonator after it 
was found successful, his type of detonator is more> 


a ogee ; . 
yalet @ sved due @ délw erotenctes aratonte gate a 
: enor sttennt sous sane soomeng tadd sotdtnorsns 
ost? couse Aivow yal? yeqsocs et Sewelia ton oxew. ene 
= Ne ste add sterelenas Dfuew « jonée you Dt iweas oeneez 
;ROTE avevaeer, verses bas tetcoq -valeb edt to. cenkewnse! 
eens “Leservees ave@i eeotancteS valet Sedas® rosarnesh add %o 


Fe got vosdratetten yLiereseg éen oso pedi _tonmioarhestS — 
— atetey ae ede Camnged deter Lo ubest euptiee velar eer | 
| fnémeiiceéa .teter 203 veda te éaied #féjeee”q a seblv a 
7 quar yooutt sf wedaseded ead axis doovied? Ne gakugeta 
‘ss e¢acee oromrad Sart »aoltectIque gurtaerny 8 eas00 : | 

oqhe efd3 dae curd od entads ei? saws Sr Goung sor . 
). perettomgdeb emtanesg Susheedts aa re a 

- qqed Sedner edt Yo wenstasriontd edt Yoveemmset 

| — ehon need oved sdteT2e exoltes siniatinciithainss 
ie ee “wtetenateb yated enalécov yaolemietias 8 qateveh 
nto teoguae ates = yathe®i o¢ beeotsen ead eofdoty — 
| be cet out # oo ame en #8 sa atte 
$oae {2elmeda eforreféese ms essbotg Sisow 
: ena ate ania: -s0eay Yo mokiatero odd 
see elageopestos tes have saw wuteadon NOL Sad ebinerey 
ere cee fatoremecs 6 at how 


suitable for use under water then the vented tyre. 

The wartime necessity for manufacturing detonators 
in one part of the world for use in another, imposed 
the problem of constructing detonators to fumetion sate 
isfactorily in extremes of climate. 
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To try and cover 11 phases of detonators and 
detonation, from the commercial and militery stendpoint, 
would be an endless job, The two theories of detona= 
tion covered represent both an early and a more recent 
theory; still some of the same problems are left unsolv 
ed. It is necessary, therefore, that a continued study 
be made in the theory of detonation in omier to be cer 
tain the detcnators that are designed end built today 
do the best job, Every hich crder explosive must be 
detonated and the more imowledze we have on the effi-g 
ciency of the various types of detonators, the more cer= 
tein we are thet the maximm power is being obtainod 
from the explosive. 

In the development of new weapons, all the sclenti- 
fic seiill and effort used to design and build the weapon 
will have been wasted if the amall, almost insimmificant 
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